ABSTRACT An explorative field study was carried out to determine risk factors for Salmonella infections in commercial laying hen flocks. For this purpose, 29 laying hen farms, including farms using conventional and alternative housing systems, were intensively sampled. An on-farm questionnaire was used to collect information on general management practices and specific characteristics of the sampled flock such as flock size, age of the hens, and age of the infrastructure. Salmonella was detected in laying hens from 6 of the 29 sampled farms. Using multivariate logistic regression with the Salmonella status of the flock as an outcome variable, a previous Salmonella contamination on the farm and the age of the production system were identified as risk factors for the presence of Salmonella in laying hens (P < 0.05). The housing system did not have a significant influence on the prevalence of Salmonella in the current study.
INTRODUCTION
In the European Union (EU), Salmonella is still the second most important cause of foodborne infections (EFSA, 2007) . Although a decrease in human Salmonella Enteritidis infections has recently been noted in several EU member states (Cogan and Humphrey, 2003; Collard et al., 2008) , contaminated eggs remain one of the most important sources of Salmonella Enteritidis infections for humans (Delmas et al., 2006; EFSA, 2007) . To reduce Salmonella and other zoonotic agents of public health significance in farm animals, the EU member states have to implement Regulation EC No. 2160/2003 into their national legislation, which implies that EU member states have to invest in prevention, detection, and control of Salmonella infections in laying hens (Carrique-Mas and Davies, 2008) .
Only a few epidemiological studies have been carried out to investigate risk factors for Salmonella infections in laying hen farms. The main risk factors that have been identified in these studies are 1) large flock sizes (Mollenhorst et al., 2005; Namata et al., 2008) ; 2) the age of the sampled hens, in which a higher age implies a higher risk for Salmonella (Castellan et al., 2004; Namata et al., 2008) ; and 3) the housing system, in which conventional battery cages showed a higher risk for Salmonella compared with alternative housing systems (EFSA, 2007) .
However, it can be questioned whether the sampling methodologies that were used in these studies [i.e., pooled feces and dust samples (EFSA, 2007; Namata et al., 2008) or serology (Mollenhorst et al., 2005) ] are suitable for the detection of low Salmonella infection levels, especially when these samplings are performed in flocks that have been vaccinated against Salmonella. Moreover, in the European Food Safety Authority baseline study, it is clearly stated that the results may have been confounded by farm size, flock size, and other variables.
The aim of this paper is to describe the presence of Salmonella on 29 laying hen farms using an extensive sampling protocol and to determine which management and farm characteristics influence the Salmonella status of the flock.
MATERIALS AND METHODS

Selection of the Farms
Farms were selected using the National Identification and Registration Database. There are 220 laying hen farms in Belgium with a capacity of 1,000 hens or more. In the target population, the distribution of the farms is as follows: 60% conventional battery cages (n = 132) and 40% noncage systems. Of these noncage housing systems, 40% are floor-raised farms (n = 37), 40% are free-range (n = 33), and 20% are organic systems (n = 18). To ensure that the potential effect of the housing type on the Salmonella prevalence could be evaluated, a stratified selection of the housing types was performed to keep the proportion of conventional battery cages to noncage systems approximately 1:4. Only farms with more than 1,000 laying hens that were in the last month of the production cycle were selected. Owners of farms fulfilling these selection criteria were contacted by telephone. Participation was voluntary.
Sample Types and Analysis of the Samples
In total, 29 laying hen farms were sampled (8 conventional battery cage flocks, 10 floor-raised flocks, 8 free-range flocks, and 3 organic flocks). Only 1 flock per farm was sampled. All of the sampled flocks were vaccinated against Salmonella with an attenuated vaccine. The following samples were collected on-farm: 5 pooled feces samples, 1 mixed dust sample, and cloacal swabs of 40 randomly selected hens. Subsequently, 100 randomly selected hens per farm were transported to the Faculty of Veterinary Medicine. A cloacal swab was taken of each hen after transport. After euthanasia, both ceca of each hen were removed and pooled for further analysis. Detailed information on the bacteriological analysis of the samples is described in Van Hoorebeke et al. (2009) . Summarized, all samples were analyzed using a modification of the ISO 6579:2002 method. Preenrichment was done by incubation of the samples in buffered peptone water (Oxoid, Basingstoke, UK) during 18 ± 2 h at 37 ± 1°C. From the preenrichment solution, 3 droplets were inoculated onto a modified semisolid RappaportVassiliadis (Difco, Becton, Dickinson and Co., Franklin Lakes, NJ) agar plate and incubation was done for 2 × 24 ± 2 h at 42 ± 1°C. Suspect white culture from the border of the growth zone was plated on brilliant green agar (Oxoid) and xylose-lysine-deoxycholate agar (Oxoid), followed by incubation for 24 ± 2 h at 37 ± 1°C. Presumed Salmonella colonies on brilliant green agar and xylose-lysine-deoxycholate agar were biochemically confirmed using ureum agar, triple sugar iron agar, and lysine-decarboxylase broth. All sampled flocks were screened negative for Salmonella by the official sampling protocols in accordance with EU Regulation No. 2160/2003.
Questionnaire Design
The questionnaire was filled in during an on-farm interview at the same day of sample collection. Questions related to general farm and flock characteristics (e.g., flock size, breed, age of the hens, and medical treatments) and biosecurity measures. Special attention was paid to the housing system in which the sampled flock was housed (Table 1 ). The on-farm interview took on average 25 min to complete.
Data Processing and Analysis
Information from the questionnaires was coded and put in a database (Excel, Microsoft Corp., Redmond, WA). Data were analyzed using SPSS 16.0 for Windows (SPSS Inc., Chicago, IL). The potential relationship between risk factors and Salmonella status of the sampled farm was evaluated by means of a multivariate logistic regression model with the Salmonella status of the sampled flock as a binary outcome variable. For this, a flock was defined infected if at least one of the collected samples was positive for Salmonella. Before entering the variables into the multivariate model, a univariate evaluation of each potential risk factor was performed. All factors with a P-value <0.20 were taken into account for the multivariate model, which was constructed in a stepwise backward manner. In the final multivariate logistic regression model, only factors with P < 0.05 were retained. All 2-way interactions between significant main effects were tested. Odds ratios, including 95% CI, are reported for all significant variables.
RESULTS
A description of the main characteristics of the sampled farms is presented in Table 2 . The mean age of the hens at the moment of sampling was 75.72 wk (minimum, 68 wk; maximum, 82 wk). No significant differences in age of the hens could be observed in the different housing systems. The age of the production system was defined as the number of years that the cur- rent infrastructure was in use. For conventional battery cages, age of the production system was defined as the number of years since the current cages were installed. For alternative housing systems, age of the production system was defined as the number of years since the current equipment (nest boxes, perches, and slats) was installed in the sampled house. For this characteristic, a remarkable difference was seen between the housing systems ( Table 2 ). The age of the production system was significantly higher in conventional battery cage and organic farms compared with floor-raised and freerange farms (P = 0.01). With regard to the length of the interval between depopulation and repopulation, a significant longer interval could be observed in the alternative housing systems than in the conventional battery cages (P < 0.05). None of the 29 farms were found positive in any of the samples taken on-farm. However, Salmonella could be detected in hens from 6 out of the 29 laying hen farms both in the ceca and in the cloacal swabs taken after transport. A detailed overview of the results of the bacteriological analysis of the 6 positive farms is presented in Table 3 . The factors associated with detection of Salmonella in the univariate analysis are listed in Table 4 . The housing system as such was not significantly associated with the Salmonella infection (P = 0.83) since the same ratio of positive farms was found in each category of housing systems.
In the final multivariate logistic regression model (Table 5) , the age of the production system (P = 0.04) and a previous Salmonella contamination on the farm (P = 0.03) turned out to be risk factors for a Salmonella infection in laying hen flocks.
DISCUSSION
The number of sampled flocks in this study is relatively small, which limits its power in comparison to the European baseline study on the prevalence of Salmonella in egg-laying flocks. Also, there is the fact that the numbers of farms of the different housing types sampled in this study do not exactly reflect the distribution of farms in the target population. This might explain why in contrast to what has been found in the EU baseline study (EFSA, 2007; Namata et al., 2008) , the housing of the hens in conventional battery cages could not be identified as a risk factor for Salmonella in this data set. It should be stressed that if the same sampling methodology as in the EU baseline study (i.e., 5 pooled feces samples and 2 dust samples) was used, no positive flock would have been detected. This indicates that the infection level in the positive flocks was very low. These low-level infections were, at least in the subset of sampled flocks, present in equal proportions in the different housing systems. This could suggest that for these low infection levels, the housing system has no influence, although more studies using extensive sampling should be performed to confirm this.
The fact that a previous Salmonella infection in the same house or in other houses on the farms could be identified as a risk factor is in accordance with Huneau- 1 Number of days between the end of the previous production cycle and the restocking of the house with new laying hens (all farms all in-all out). Davies and Breslin (2003) and Wales et al. (2006) . It has been stated that many Salmonella infections originate from the farm environment (van de Giessen et al., 1994; Davies and Breslin, 2003) . Moreover, the level of environmental contamination increases significantly during a production cycle (Wales et al., 2007) . Salmonella can be detected both on the floor and on the equipment at different locations in and around laying hen houses such as underneath cages, the interior of the nest boxes, in laying house anterooms, and egg storage areas (Davies and Breslin, 2001; Davies and Breslin, 2003) . In this study, cleaning and disinfection during and between 2 production cycles of the above-mentioned spots was marginal or nonexistent on many of the sampled farms. Furthermore, the infection of a flock with Salmonella through vectors such as rodents, flies, and beetles (Davies and Breslin, 2001; Carrique-Mass et al., 2009) and the reported capacity of some Salmonella strains isolated in poultry to develop a biofilm could contribute to the survival of Salmonella in the environment of poultry houses (Marin et al., 2009) .
Independent of the housing system, a higher age of the production system increased the risk of presence of Salmonella on the farm. The significant longer interval between depopulation and repopulation (P < 0.05) in alternative housing systems compared with conventional battery cages does not seem to have a protective influence on the prevalence of Salmonella. This is in accordance with Davies and Wray (1996) , who described survival of Salmonella in empty poultry houses for a period of 12 mo.
A previous Salmonella contamination on the farm and the age of the production system were found to be the main risk factors for low-level Salmonella infections occurring in laying hen flocks, irrespective of the housing system in which the hens are housed. This indicates that in flocks that are vaccinated against Salmonella, persistent biosecurity measures are necessary in all types of housing systems to prevent the recurrent contamination or new infections of laying hen flocks in subsequent production cycles. 
